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The powdered fruit of Ammi majus L. of the
Umbelliferae family have been used for several
centuries in the treatment of leukoderma and
other pigmentation disorders (1). Fahmy and
associates (2—4), and Schonberg and Sina (5, 6)
have isolated the active components and identi-
fied them as psoralen derivatives. More recently,
Fitzpatrick et al. (7) demonstrated the effective-
ness of 8-methoxypsoralen (8-MP) in pigment
formation in individuals exposed to total sunlight
or ultraviolet irradiation. These investigators have
also shown that pigment production may be ob-
tained following either oral or topical applications
of this drug with a response that is roughly pro-
portional to the dose administered.
Several groups have reported that albino rats
or mice subjected to prolonged exposure to either
sunlight or ultraviolet light will develop a high
incidence of tumors in the exposed areas or more
specifically, the ears and eyes (8—11). A study was
made by O'Neal and Griffin (12) to determine if
photosensitizing compounds such as the psoralen
drugs would alter the extent of erythemal damage
and tumor incidence in albino mice exposed to
ultraviolet irradiation. These investigators re-
ported that administration of relatively large
doses of 8-MP just prior to U.V. exposure greatly
enhanced the erythemal and carcinogenic re-
sponse. In contrast, the more gradual administra-
tion represented by oral feeding of the drug
provided some protection to the irradiated albino
mice. The present study was initiated in order to
ascertain the wave length areas of animals treated
with the psoralen compounds. Further informa-
tion relative to the action of photodynamic com-
pounds in response to ultraviolet irradiation is
essential to a better understanding of the basic
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mechanisms involved in pigmentation, erythema
and carcinogenesis in the skin.
METHODS
Throughout this investigation female mice of
the Swiss strain were used. The procedures em-
ployed were essentially those of Rusch et al. (10),
and O'Neal and Griffin (12). The animals were
started on these studies when they were approxi-
mately 8—10 weeks of age. Water and food (Purina
Laboratory Chow) were provided ad libitum and
factors such as room temperature and extraneous
room light, which may affect ultraviolet carcino-
genesis (11), were constant for all groups in-
cluded in this present study. In view of the rela-
tively long exposure times involved in certain
phases of this study, the mice were irradiated
directly in their cages rather than in the compart-
mentalized chambers previously employed.
In order to ascertain the effect of short wave
length ultraviolet upon the erythemal and car-
cinogenic response associated with administra-
tion, we employed germicidal type lamps with a
principle emission at 2537 A (G. E., 30 watt, low
pressure mercury arc lamp).
The following groups were included:
Group 1: 20 animals injected intraperitoneally
with 0.4 rug. 8-MP one hour before exposure to
the ultraviolet light.
Group 2: 20 animals fed with powdered labora-
tory chow to which 0.5 g. 8—MP was added per
Kg. of the diet.
Group 3: 20 animals irradiated controls—no
drug.
Group 4: Same as Group 1, but not exposed to
the ultraviolet light.
Animals of groups 1—3 were irradiated six times
weekly for 20 minutes at a distance of 60 cm. from
the lamp. After three months the response in all
groups was so slight that the exposure time was
increased to 60 minutes per day, which was then
continued for seven months. At this time ultra-
violet irradiation was discontinued. One month
later the final evaluations as to erythemal and
carcinogenic response were made and the groups
discontinued.
For the study of long wave ultraviolet effects,
290 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Wood's type lamps were employed (Blak-Ray,'
Model XX15, Long Wave Ultra-Violet). These
lamps provide an ultraviolet emission covering
the approximate range 3200-4000 A and have a
maximum emission at 3660 A.
The following groups were included (20 mice
per group):
Groups 5, 8 and 11: Each animal was injected
with0.4 mg. 8-MP one hour before irradiation.
Groups 6, 9 and 12: 8-MP mixed in diet (0.5 gxn/
kg. Laboratory chow).
Groups 7, 10 and 13: Controls—no drug.
Groups 5, 6 and 7 were exposed to these lamps
two hours daily, six times weekly and at a distance
of 22 cm. The irradiation was discontinued after
three months because of the extremely severe
erythemal damage that occurred in groups 5 and
6. Another series was started (Groups 8, 9 and 10)
wherein the animals were exposed for 30 minutes
per day at a distance of 40 cm. Even under these
conditions the erythemal response was excessive
and the exposure discontinued after three months.
Finally, the exposure time was reduced to 10 min-
utes per day at a distance of 40 cm. from the lamps
(Groups 11, 12 and 13). The animals in these groups
were irradiated for six weeks.
All of the above groups were studied for gross
erythemal response and tumor incidence at se-
lected intervals during the experiment and at the
time of termination of ultraviolet exposure. The
animals were maintained for one month after the
end of the irradiation period and were then ob-
served for final tumor incidence and erythemal
response.
In the final portion of this study albino mice
were exposed to ordinary fluorescent type lamps
(Westinghouse 20 watt). Exposure time was six
hours per day at a distance of 30 cm. for a total
period of six months. The following groups were
included (20 mice per group).
Group 14: Each animal injected intraperi-
toneally with 0.4 mg. 8-MP one hour before
exposure.
Group 15: Dietary 8-MP, 0.5 gm. per kg. labora-
tory chow.
Group 16: Controls—no drug.
These animals were also observed for indication
of erythemal damage resulting from photosensi-
tization by the 8-MP and the subsequent exposure
to this ordinary fluorescent light.
A Hanovia ultraviolet meter was used to meas-
ure the intensity of the ultraviolet light and
results are expressed in ergs per cm.2 for the total
period of irradiation. For the germicidal lamps,
'Ultra-Violet Products, Inc., San Gabriel,
California.
the intensity calibrations were made using the
scale, 2200—2800 A. The total ultraviolet emission
was measured for the Blak-Ray long ultraviolet
lamps. It was noted that approximately ten per
cent of the ultraviolet emission from these lamps
was below 3200 A.
RESULTS AND DISCUSSION
The over-all findings of this investigation clearly
indicate that the activation of the erythemal and
carcinogenic response associated with psoralen
administration occur in the longer portion of the
ultraviolet spectrum. From past observations it
has been more or less established that the cancer
spectrum is between the wave length of 2900 to
3400 A with the "mid"-ultraviolet being most
effective (10, 13). Kelner etat. (14) also reported
a low incidence of ear and eye tumor formation in
albino mice exposed for prolonged periods to the
ultraviolet irradiation from the 2537 A lamps. In
the present study comparable findings were ob-
served with a low tumor incidence in the control
mice exposed for seven months to this wave
length (Group 3, Table I). Administration of
8-MP did not appreciably affect the carcinogenic
response. The animals injected intraperitoneally
with this drug prior to exposure did exhibit some-
what more erythemal effects. However, the final
tumor incidence was 20%, approximately the
same as noted in the controls (Table I). Dietary
administration of the 8-MP in this series (Group
2) seemed to afford some slight degree of protec-
tion from the exposure to the 2537 A lamps. The
ears and eyes of these animals appeared com-
pletely normal and no tumors were found. It is of
interest to note that dietary administration of
this drug also appeared to afford some protection
in previous studies wherein albino mice were
exposed to the total spectrum of high intensity
mercury lamps (12).
The erythemal and carcinogenic response
associated with administration of 8-MP and
exposure to long wave length ultraviolet light was
of considerable magnitude (Table II). From our
past observations we have been unable to produce
any visible effect in albino mice exposed to the
long wave ultraviolet lamps (Blak-Ray, long
ultraviolet). This includes constant around the
clock exposure at very close range over periods of
from six to ten months. In contrast, intraperito-
neal administration of 8-MP followed one hour
later by a two hour exposure to these lamps pro-
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TABLE I
duced an erythemal response that killed the
animal within two weeks. The eyes and ears, tail,
face and feet were severely burned. This response
was so great that we found it necessary to reduce
the exposure time to 10 minutes daily in order to
keep the animals alive. Even at this reduced
exposure the extent of burning was considerable
(Group 11, Table II). Of greatest interest was the
fact that a high tumor incidence was associated
with this erythemal damage. Both fibrosarcomas
and squamous carcinomas appeared in these
animals. The importance of photosensitizing
drugs of this type in experimental ultraviolet
carcinogenesis becomes apparent when we con-
sider that the same, or even far greater exposures
to this same wave length do not produce any
effects in comparable animals not treated with
this drug.
It may be of interest to provide some rough
comparisons of the total energy required to pro-
duce experimental tumors by exposure to various
regions of the ultraviolet spectrum. Rusch et at.
(10) have reported that a total of 6.3—8.4 x 108
ergs per cm.2 of effective "mid"-ultraviolet radi-
ations is adequate to initiate carcinogenesis when
given over a three month period. Griffinet at. (11)
found that approximately 14 X 108 ergs per cm.2
of total ultraviolet energy was sufficient to pro-
duce ear tumors in a high percentage of the
animals. In the current study it was observed
that exposure to a total of 4.3 X 10 ergs per cm.2
of ultraviolet light, which is largely over 3200 A,
resulted in a severe erythemal response and a high
tumor incidence in animals given 8-MP (Groups
11—12, Table II). Thus, cancer induction may
occur with considerably less energy with a com-
bination of administered psoralen and exposure
to long wave ultraviolet light than is required
for cancer formation by the more intense mid-
range of the ultraviolet spectrum. Attention is
also called to the fact that a total exposure of
13.4 X 108 ergs per cm.2 to the long ultraviolet
light did not produce any observable changes in
the mice which were not given 8-MP (Group 7,
Table II).
Dietary administration of 8-MP in the animals
exposed to the Wood's type lamp also resulted in
some erythemal damage and the eventual appear-
ance of tumors, (Groups 6, 9 and 12, Table II).
This extent of erythemal response as well as the
GroupNumber
Treatment
Erythemal and carcinogenic response associated with administration of 8 methoxyp8oralen (8-MP) and
subsequent exposure to ultraviolet tight (2537 A U)
8-MP
Administration Ultraviolet irradiation
Results
Gross observations
after 10 months of
irradiation
Gross appearance one month after
discontinuance of irradiation
Final tumor
incidence
1
2
3
4
I.P. injection
of 0.4 mg.
8-MP 1 hr.
prior to
U.V. ex-
posure
8-MP mixed
in diet, 0.5
gm per kg.
of chow
No medica-
tion
I.P. injection
of 0.4 mg.
8-MP daily
Moderate
erythemal
damage of
ears and
eyes
Slight cry-
themal
damage of
ears and
eyes
Mild ery-
themal dam-
age of ears
and eyes
Normal
20 minutes daily
first 3 months,
further in-
creased to 60
mm. exposure
for next 7 mo.
(total 8.3 X
108 ergs/cm5.)
Controls, no
irradiation
Some evidence of scar tissue
on ears from previous ery-
themal damage. Mild cor-
neal opacities and possible
cataract formation in ap-
proximately 20% of surviv-
ing animals. Tumors pre-
sent on ears.
Normal
Slight indication of ery-
theinal damage in ears.
Some animals had mild cor-
nea! opacity.
Normal
10-20%
0
20%
0
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TABLE II
Erythemal and carcinogenic response associated with administration of 8 methoxypsoralen (8-MP) and
subsequent exposure to long-wave length ultraviolet light
GroupNumber
Treatment Results
8-MP Ultraviolet Gross observations Tinc0n'ce
5 0.4 mg 8-MP I.P. one
hour before U.V. cx-
posure
2 hours daily for 3
months (total 13.4 X
109 ergs/cm.)
Severe erythemal response. All
animals dead within 14 days.
—
6 0.5 g/kg. diet Same as above Ears and tails severely burned.
Eyes opaque with cataract for-
mation.
35%
7 Controls Same as above Normal appearance 0
8 0.4 mg 8-MP I.P. one
hour before U.V. cx-
posure
30 mm. daily for 3
months (2.6 X 10
ergs/cm.2)
Face, head and tails severely
burned with subsequent slough-
ing of tissue and scar tissue for-
mation. Eyes opaque, scarified
with cataract formation.
5Ø%*
or over
9 0.5 g/kg. diet Same as above Ears and eyes burned, but to
lesser extent than noted in
group 9 above.
25%
10 Controls Same as above Normal appearance 0
11 0.4 mg 8-MP I.P. 1
hour before U.V. cx-
posure
10 mm. daily for 6 week
period. (4.3 X 108
ergs/cm.2)
Tumors in both ears, eyes burned,
corneal opacity and cataracts.
100%*
12 0.5 g/kg. diet Same as above Moderate erythemal damage to
eyes and ears.
20%
13 Controls Same as above Normal appearance 0
* In these groups it was difficult to arrive at an accurate tumor incidence. The scar tissue as well as
other remaining erythemal damage was still considerable. From both gross and microscopic examina-
tion the final tumor incidence in these groups was high.
tumor incidence was markedly less than that seen
in the mice given this drug by the intraperitoneal
route. Since the non-treated irradiated controls
were normal, the oral administration of 8-MP did
affect a response at this longer wave length. This
finding is in contrast to previous studies wherein
it was observed that oral administration of 8-MP
did provide some protection in albino mice ex-
posed to the spectrum of more intense mercury
arc lamps (12).
The final groups of albino mice exposed to
fluorescent light also provided some interesting
results. After 8 months of daily exposure (six
hours per day) the control mice did not exhibit
any change in the gross or histological appearance
of the eyes or the skin of the ear or face. Kline
and Rusch (15) have also reported that albino
mice placed under fluorescent lights 4—6 hours
per day, six days a week, for one year showed no
signs of erythema or neoplastic changes of the
skin. In our studies the daily intraperitoneal
administration of 8-MP just prior to the fluores-
cent exposure resulted in mild to moderate
erythema in the mice. After eight months of this
treatment most of the animals developed scar
tissue on the edges of the ears and a few tumors
were evident. Again, it becomes apparent that
the longer wave length spectrum may initiate
extensive alterations in the skin in association
with the photosensitizing drugs. The slight ultra-
violet emission from ordinary fluorescent lamps
(16) may be sufficient to activate such changes if
the animal has been sensitized by compounds of
this type. There may be some reason for extend-
ing these observations to the clinical problem of
erythema, keratosis and carcinoma of ultraviolet
origin. The psoralen compounds and other photo-
sensitizing compounds appear to have generally
wide distribution in nature. In certain individuals
predisposed to these erythemal effects, the intake
of such drugs with subsequent exposure to ultra-
violet light or, more specifically, the longer
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ultraviolet region may accentuate the over-all
process of formation of keratosis or cancer.
At this time we are still at a loss to explain the
mechanism of action of the psoralen type drugs.
The 8-MP does absorb strongly in the region of
2500 and 3000 A, which may possibly account for
certain of the observed effects. It would appear
that this drug, or metabolites thereof, are capable
of absorbing or receiving longer waves of the
U.V. spectrum and converting this light band
into chemical energy within the outer layers of
the skin or eyes. This is manifest by the extensive
pigmentation and erythema that occur in normal
individuals (7) or in the erythemal and carcino-
genic response that occurs in albino animals
treated with psoralen and subsequently exposed
to U.V. (12). Psoralen or its metabolites may
acquire fluorescing properties following irradi-
ation and emit ultraviolet light of wave bands
that would initiate these changes noted above.
Certainly more information is required in the
following areas: a) the specific wave length(s)
that may be involved in the activation of psoralen
drugs in producing erythema, pigmentation or
cancer, b) the effect of visible light in modifying
the above ultraviolet activity, c) the metabolism
of the psoralen drugs. The latter would help to
explain the effect of dosage and route of adminis-
tration on pigmentation and/or the erythemal
response that leads to cancer formation.
As further studies are carried out with the
psoralen compounds we should increase our
knowledge of the etiology of diseases of the eyes
and skin of man associated with exposure to
light. From this study it becomes apparent that
photosensitising drugs may result in a severe
erythemal and carcinogenic response following
exposure to wave lengths previously reported not
to produce such changes. One unexplored area is
that of changes induced by ultraviolet light and
psoralen upon nucleoproteins. The mutagenicity
and carcinogenicity of ultravioletlight has been
associated with the strong absorption of this light
by the nucleic acids. Application of 8-MP to the
polar caps of Drosophila results in a greater
number of mutations when the organisms are
exposed to ultraviolet radiation (17). The
psoralen and perhaps other photosensitizing com-
pounds are capable of altering the response of
cells and tissues to the regions of the ultraviolet
spectrum.
SUMMARY
Albino mice were exposed to the short and the
long wave length regions of the ultraviolet
spectrum. Some of these animals were also given
8 methoxypsoralen, either in the diet or injected
intraperitoneally just prior to exposure. Pro-
longed exposure to a short wave length (2537
AU) did result in the appearance of some ery-
themal damage in the ears and eyes and approxi-
mately 20% of these animals developed tumors
in these areas. Psoralen administration had no
appreciable affect upon the lower ultraviolet
radiation.
In contrast to the above observation, pro-
longed exposure of albino mice to the longer
wave length (Wood's type lamp) produced no
visible effects in these animals. Administration
of psoralen to these mice resulted in a rapid and
severe erythemal response and a very high tumor
incidence in the ears and eyes.
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DISCUSSION
DR. Orro C. STEGMAIEE (Davenport, Iowa):
In December 1957, at the Academy Meeting,
Joseph Elliott Jr. discussed the psoralens in the
treatment of vitiigo and for suntanning. Follow-
ing Effiott's presentation of Fitzpatrick's lantern
slide demonstrating the tanning of the skin with
the Wood's light. I became interested and began
looking for a cheaper and more practical source
of long wave ultraviolet light. The black light
fluorescent bulb made by General Electric emits
rays exclusively in the (3200°—3800°) wave
length band. I have used these 48-inch lamps
housed in a regular commercial fluorescent
fixture, and exposed the patient for 30 minutes at
6-inch distance. Two hours prior to the radiation,
30 mg. of methoxsalen was administered. The
brownish red pigmentation resulting indicates
that the long wave ultraviolet produced by the
black light encompasses the action spectra of
methoxsalen.
DR. JOHN EPSTEIN (San Francisco, Calif.): I
certainly enjoyed this presentation. It is of inter-
est that carcinogenic rays appear to be associated
with injury. In this study the usually non-trau-
matic longer ultraviolet wave-lengths are associ-
ated with an injurious photodynamic reaction.
The accepted usual carcinogenic rays, of course,
fall into the erythemogenic ultraviolet range.
DR. STEPHEN ROTEMAN (Chicago, Ill.) Dr.
Lorincz and I were able to protect mice com-
pletely against ultraviolet-induced cancers by
screening the non-hairy parts with p-aminoben-
zoic acid preparations. This compound does not
absorb the 2537 A line, and, therefore, I wonder
if this wavelength is really carcinogenic. Were
your experiments done with monochromatic light?
As far as the use of psoralens in medical prac-
tice is concerned, no matter whether it is used to
improve sun tolerance and promoting tanning,
for treatment of vitiligo or for prevention of skin
cancers, I am most seriously concerned about
such practice. It just was shown that these ma-
terials are highly photosensitizing to the 3650 A
wavelength. This wavelength, in itself biologically
entirely innocuous, is emitted not only by the
sun but also by the artificial fluorescent lights in
offices to which people are exposed all day long.
If this wavelength, by virtue of the photosensi-
tizing effect of psoralens, acquires the potency
of producing cancers and cataracts, I just wonder
whether all the dermatologists should not take a
very strong stand against use and propagation
of this material.
DR. FRANCES KEDDIE (Palo Alto, California):
I wonder if white light counteracts the effect of
ultraviolet?
DR. THOMAS B. FITZPATRIC1 (Portland, Ore-
gon): It is difficult to discuss this paper. Griffin,
Hakim and Knox have shown beyond doubt that
the furoeoumarins can induce cataracts and can-
cers in mice indicating that the combination of
furocoumarins and long-wave ultraviolet light is
carcinogenic in animals. As a physician, I must
say immediately that their experiments have, in
their present form, little application to the prob-
1cm of the use of furocoumarins in man either
for the treatment of vitiligo or increasing man's
tolerance to sunlight. The experimental condi-
tions used are not comparable: 1) They are using
mice, and we all know the pitfall of applying
good or bad effects obtained in mice to man; 2)
the dosage of furocoumarin was far in excess of
what is or ever will be used in man; 3) the inten-
sity and duration of long-wave ultraviolet is of a
degree that would be quite impossible to obtain
in sunlight. Before these effects can be applied to
man, Griffin's group should attempt to repro-
duce this experiment using a dosage of furocou-
mann and long-wave ultraviolet light which ap-
proximates the clinical conditions.
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Finally, as a scientist, I must maintain a neu-
tral position with respect to the ultimate merit or
danger of furocoumarins. New facts must be pre-
sented before we can regard the furocournarins as
toxic or carcinogenic agents in man.
There has been much emotionalism associated
with the furocoumarins, especially by the der-
matologists. Recently I spoke to a large group
of professors of medicine about the furocouma-
rins. They were fascinated with the future possi-
bilities of this compound. Perhaps the zealous lay
press has distorted the 'suntan' aspect and en-
gendered the wrath of the dermatologists.
We have been unable to detect eye damage
(cataracts or glaucoma) in albino guinea pigs
given 300 mg/kg. of methoxsalen orally and daily
exposure of the eye to long-wave ultraviolet for
nine months. Apparently mice are more suscep-
tible.
DR. Jom M. KNox (in closing): Dr. Fitz-
patrick's comments will be answered first, and I
would like to begin with a question. What per
cent of the pigmented animal controls developed
cancers? Answer—none.
All of us know that very few darkly pigmented
human beings develop cancer, and that actinically
induced skin cancers appear most frequently in
very light skinned individuals. Therefore, experi-
ments utilizing black or heavily pigmented ani-
mals are less applicable than our experiments
using albino animals.
As to the comment of whether these findings in
experimental animals are apropos or transferable
to man is certainly an important consideration.
Much of what has been learned in medicine has
been through animal experimentation and Dr.
Stegmaier has shown that at least a major part of
our experimental data is transferable to man.
The photographs he presented adequately demon-
strate that a man taking psoralen can be burned
by the normally harmless Wood's light.
In answer to Dr. Epstein, under normal condi-
tions the shorter erythema producing wave
lengths are thought to cause skin cancer in man.
Our studies indicate that psoralens alter the
usual response.
Dr. Rothman, our 2537 A light source is not
monochromatic; however, 2537 A is the primary
wave length emitted from the type lamp we
employed. A point of possible interest to this
group is that during the winter months and in
early morning and late afternoon of the summer,
very few of the shorter erythema producing wave
lengths reach the earth, whereas the longer wave
lengths reach the earth during these periods.
Therefore, individuals receiving psoralen would
be subject to irradiation effects more days in the
year and more hours in the day.
In answer to the comment on white light—it
has been shown by other investigations that one
wave length will frequently change the effect of
another wave length of light. All of these animals
were kept in a normally lighted room.
